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C H A P T E R  1
INTRODUCTION
In many parts of the world coal w i n ning Is often 
Inhibited when flreda p, a p r e d o m i n a n t l y  m e t h a n e - r i c h  
gas under pressure w i t h i n  coal, Is emitted In 
q u a n t i t i e s  which exceed the a b i lity of the 
v e n t i l a t i o n  to dilute it to w i t h i n  statutory 
requirements. M e t h a n e  release has b^en shown to be 
related to mining a d v a n c e  rate so the exc a v a t i o n  
rates a t t a i n a b l e  by m odern exc a v a t i o n  techniques may 
be limited. In extreme cases outbursts, which are 
violent eru p t i o n s  of m e t h a n e  and powdered coal , cause 
m ining ope r a t i o n s  to be halted.
The South African coal m ining industry has been 
f o rtunate that o u t b u r s t s  Have not yet been 
e n c o u n t e r e d  and relatively few c o l l i e r i e s  e x p erience 
s evere gas problems. This is at t r i b u t e d  to the 
s h a l l o w  depth of which most mi n e s  operate. The extent 
of the m e t h a n e  problem In S.A. as well as overseas
can be seen In TABLES 1___a nd__2 which list the
principal exp l o s i o n s  and are reason for concern.
As these shallow reserves become exh a u s t e d  and we are 
forced to work deeper seams with their corre s p o n d i n g  
higher seam gas pressures, the gas problem will 
I n e v itably worsen. However, these problems can be 
o v e r c o m e  If accur a t e  p r e d i c t i o n s  of the 
d e g a s l f l c a t i o n  c h a r a c t e r i s t i c s  of the seam and 
s u r r o u n d i n g  strata can be made. This enables advance 
p lan n i n g  of adequate vei.tilatlon systems and if 
necessary, proper gas drain a g e  schemes.
Table 1
M ajor Coal Mlne E x o s l o n s In Sou t h e r n Africa 
Res u l t i n g  In the Loss o f Ten or M ore L ives
D a t e __________  ___ M i n e ___________ _____________ F a talities
1901 New Campbell Colliery, Natal 31
1906 Elands l a a g t e  Colliery Natal 18
1908 G l e n c o e  Colliery, Natal 77 
1926 Durban N a v i gation Colliery,
No. 2 Pit, Natal 125
1928 Burnside Colliery, Natal 38
1935 New M a rsfield Colliery, Tvl 78
1941 Utrecht Colliery, Natal 15
1943 Natal N a v i gation C & E
Colliery, Natal 78
1944 V r y heid (N) RC & I, H l o bane 
Colliery, Natal 57
1945 S.A. Coal Estates N a v i gation 
Colliery, Transvaal 14
1951 C o r n e l i a  Colliery, OFS 26
1956 S c h o o n g e z i c h t  Colliery, Tvl 12
1962 Nor t h f l e l d  Colliery, Natal 10
1971 HCJ C o n t r a c t o r s  Colliery, Tvl 28
1972 Wankie No. Colliery, Zimb a b w e  427 
1974 Albion Coll i e r y  13 
1976 M o a tize Colliery, M o c a m b l q u e  99
1981 New c a s t l e  Platberg C o l l i e r y  10
1982 Ermelo Mine Services Colliery,
Transvaal 11
1983 Vryheid (N) RC & I, Hlobane 
Colliery, Natal 68
1985 S a s o l , Mlddlebult Colliery, Tvl 30
1987 Ermelo 34
3Table 2
Over s e a s  Major Coal Mine E x p l osions 
Reported In the Media from J a n uary 1984 
to August 19S5
Date Mine C o u ntry Fatalities
1984 Ariakne Mine 
Mitsui Japan 83
1984 Strmoster Mine 
Rembas J u g o s l a v i a 35
1984 Halsahn Mine 
Julfang Taiwan 74
1984 Santan Mine, 
Urassasga B r a z i 1 31
1984 Halsahn First 
Pit Mine, Sanhsla Taiwan 93
1985 Simon de Forback 
Mine, Lorraine France 22
1985 Takashlma Mine, 
Mitsubishi Japan 11
1985 Minami Oh Yubarl 
Mine, Mitsubishi Japan 62
1985 Meitlan No. 3 
Mine, Gua n g d o n g PR China 55
1985 Nianzlplng Mine, 
Guangxl PR China 21
The most slgnlfi ^ant factors In pre d i c t i n g  gas 
r elease rates are the m e t hane content arid 
p e r m e a b i l i t y  of the coal seam and surrou n d i n g  strata 
and the m i n i n g  m e t h o d s  used. The aim of this study 
was to investigate the first of these factors and to 
take note of permea b i l i t y  results a v a i l a b l e  from ? 
parallel research p r o g r a m m e . T w o  test rigs have been 
designed and commissioned. The first rig Is used to 
d e v e l o p  e q u i l i b r i u m  s option Iso t h e r m s  for selected 
coal samples. These sorption Iso t h e r m s  are a 
recognised method for e x p r e s s i n g  the potential for 
that coal, to contain gas and p r o v i d i n g  seam 
t e m p e r a‘ure and seam gas pressure are known or can be 
estimated, then the gas content per tonne mined can 
be evaluated. A permea b i l i t y  test app a r a t u s  has also 
been desi g n e d  and commi s s i o n e d  to test the 
p ermea b i l i t y  of coal seams and s u r r o u n d i n g  strata. 
Thus two of the factors related to gas release could 
be evaluated.
This disser t a t i o n  contains a literature search, 
detallr of the a p p a r a t u s  used, test results and an 
anal y s e s  of results. It cont a i n s  basic data, not 
pr e viously available, regarding South African coals 
and con c l u d e s  with a di s c u s s i o n  of results and 
r e c o m m e n d a t i o n s  for future work.
52. M E T H A N E  IN COAL MINES - A L I T E R A T U R E  REVIEW
2.1 The Origin of Gas in Coal
It has been estimated that during the formation of 1 
ton of coal, up to 1300 m3 of gas are produced (40). 
In the early stages of m a t u r a t i o n  moot of the gas 
e s c apes through the relatively thin overlying strata 
and as a result, little gas is found in most low-rank 
coals. Higher rank coals are usually enclosed by deeper 
more c o mpetent rocks, so more of the gas formed at this 
later stage, Is retained.
Gases, primarily, are a result of the m a t u ration 
process and introduction of gas from the atmosphere. 
Th' s the sequence of gas found, p r o c eeding from the 
s u r face downward, is:
1) A zone of nitrogen (N2) and carbon 
dioxide (C02). 
ii) A zone mainly of nitrogen, 
ill) A zone of nitrogen - m e t h a n e  (CH4). 
iv) Finally a zone where m e t h a n e  only occurs.
C arbon dioxide, and o c c a s i o n a l l y  some other gases may 
corjr from other sources via faults and intrusions. 
Higher h y d rocarbons such as e thane (C2H0), propane 
( C 3H 8 ), butane (C4H 1 0 ), and pentane (C5H 1 2 ) 
as well as oxygen (02). nitrogen, hydrogen (H2 ) and 
h e l i u m  (He) can occur in small q u a n t i t i e s  as shown in 
T ABLES 3,4 and 5. (40).
5TABLE 3 - Gas produced from plane material
Ce llulose Llgnln
derivative
Wood
150 15 10
TotaI gas.... 100 10 6.6
3 20 8
9.9 2.5 4.4
COa .......... 5.01 5.00 5.01
C H . ........... 94.94 94.98 94.99
Other hydrocarbons........ pet.. 0.0496 0.0216 0.0005
CHj /total hyd 0.999 0.999 0.999
TABLE 4 - Composition of gas froui plane material.
peac . and coa 1 . pee
C03 CH, Other 
h drocarbons
Plant material...... 5.0 94.99 0.01
Peat.................. 96.75 3.23 .02
Coa I.................. 1.9 97.8 .3
HYDROCARBON GAS FORMATION DURING DLACEteTIC COALIFICATION
TA3LE 5 - Avera«g csmposlclon of u s  from coalbeds. PcC
Coalbed... Pocahontas PltCiburfh* Upper S SiJH* Ln.cr fUry U»‘ Anthra-No. 3‘ Kit t-innt "<(* lUrtshoriw* clte'Oil........ 9i .9 91.1 97 i 87.8 99.2 96.0 98.7C, H,...... 1.3 .3 .01 .05 .01 .01 .1C,H, ..... .006 NO NO .005 ND ND TraceC,H;3..... .002 NO ND .001 ND ND NDC, H. , ..... Tracc JID NO ND ND ND NDCO,....... .3 8.2 .1 12.0 .1 .1 .1•* .2 .2 ND .1 .1 ND.5 2.3 .1 .6 l.S 1.0Ilj........ .02 ND ND ND ND Trace ND.0* ND ND ND NO .] Trace
1.030 975 I .03? 935 1,056 1.022 1.053VD Not detec ted.* Virginia.* PennsyIvanla and West Virginia. J P«*nn*y \ vanla .4Colorado.* Ok 1 ahoma .4 A I abunu .
7C o m m o n l y  these gases in coal are referred to as 
firedamp. M e t haue is by far the domi n a n t  gas being 
emitted, so this report deals almost e x c l u s i v e l y  with 
the m e t h a n e  aspect of firedamp.
2.2 The Retention of Methane in Coal
The process of m e t hane r e tention is called sorbtion 
which is sub-c l a s s i f i e d  into adsorbtion, absorbtion, 
p e r s o r b t l c” and c h o m i s o r b t i o n .
i) Ad s o r b t i o n  is a s u r face effect w h e reby one 
su bstance if physically held onto the surface of 
a n o t h e r ,
ii) A b s o rbtion is a more or less u n i f o r m  penetration 
of one substance into the m o l e c u l a r  structure of 
a n o t h e r ,
ill) Pe r s o r b t i o n  is a type of a b s o r b t i o n  of a gas by a 
solid in which there is the formation of a 
m o l e c u l a r  m i x ture of the two substanccs,
iv ) C h e m i s o r b t i o n  is a type of a d s o rbtion where one 
s u bstance is held onto the surface of the other by 
chemical forces.
R E V ERSIBLE IRR E V E R S I B LE
Adsorbtion --------- C h e m i s o r b t i o n
/
/
/
/
Sorbtion%
\
\
\
A bsorbtion --------  Persorbtion
8C h e m i s o r b t i o n  and p e r s o rbtion are not relevant In 
m e t hane coal systems and abs o r b t l o n  does not play a 
s ignificant role In the flow of m e t h a n e  from coal 
during m ining ope r a t i o n s  (14). C h e m l s o r p t i o n  does occur 
but it is such a powerful bond that e v a c u a t i o n  at 
elevated t e m peratures is required to break the bond 
(27). This cannot happen during mining operations. When 
gas leaves coal it is said to be d e s o r b e a .
Methane exists in the adsorbed state or in the free gas 
state In pores and fractures (FIGURE 1 ). At low 
pres s u r e s  those two states both occur in moderate 
p r o p o r t i o n s  and the volume of gas con t a i n e d  increases 
almost In direct p r o portion to pressure. In the 0 , 1 - 4  
MPa range, 54 - 85% 1. in the adsorbed state (64). By 
about 5 MPa almost all gas contained is in the adsorbed 
state and at higher oressure the rate of gas intake 
decreases, p r e s umably .« m o n o l a y e r  ads o r b t l o n  is 
complete. At about 7 - 10 MPa there Is only a slight 
increase in gas content and some but not all studies 
have shown a decr e a s e  In sorbtion above these 
pressures. At 10 MPa adsorbed m e t h a n e  can be as densely 
packed as a liquid (64).
A d s o r b a t l v e  capacity of cc i I n creases wit h  pressure 
and rank but d e c r e a s e s  with t e m p e r a t u r e  and moist u r e  
content (1,23,38,41,54,112) (FIGURES 2 ,3,4,5 and 6). A 
co r r e l a t i o n  for fixed carbon, v o l a t l l e s  as well as 
oxygen content (which is related to rank), and gas 
content has been shown for US coals. A similar 
c o r r e l a t i o n  has been shown for gas content and 
v o l a t l l e s  in USSR and Germany ( F IGURE 7 ). Oily adsorbed 
m o i s t u r e  affects sorbtion capacity of coal and curves 
with respect to moisture content are gen e r a l l y  the same 
for all coals. After a critical value of mois t u r e  
content, which is dependent on the oxygen content of 
the coal, is reached, no further reduction of methane
9FIGURE 1 Pictorial Representation of Methane in a 
Coal Pore (54).
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Variation of coal adsorption capacity 
temperature and rank at 10 atmospheres (41)
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FIGURE 3
Pressure, atm.
Variation of Methane adsorption isotherm 
with coal rank at 0°C (40, 41).
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FIGURE 4 The effect of moisture content on the 
sorption capacity of coals of various 
volatile contents. After Khodot (14,58)
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FIGURF 5 Methane adsorption isotherms of Pittsburgh
II coal at 3 0 UC at various moisture 
contents (38).
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9  O l t i i r U N o . 6  
O
■  n u i t u > | h  ( t i u c e i o n .  P i )
FIGURc) 6 Maximum reduction in methane sorption versus 
coal oxygen content at values of moisture 
content above the critical values, 10 atm., 
30°C (39).
FIGURE 7 Mean sorption isotherms for dry coals with 
5-40% volatile matter (Temp. 30®C) (62).
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capacity occurs d e s pite increasing mois t u r e  content 
(14,28).
There is a p p arently a strong interaction between the 
polar water m o 'ecules and the surface oxygen complexes. 
The water mol e c u l e s  are probably adsorbed in a 
localised fashion and e f f e c t i v e l y  block many pores 
which would ba ava i l a b l e  for m e t hane sorbtion in dry 
coal. The critical value for m o i s t u r e  content (Me) 
for a given coal is given by a r e l a t i o n s h i p  to oxygen 
c o n t e n t :-
Me “ Xo + 1,51
3,98 - 0,229 Xo 
Xo - o xygen content of coal (wt%).
Of the mode's used to describe ads o r b t i o n  onto coal, 
L a n g m u i r ' s  model is more commonly favoured over the 
Polyani, T9mkin and Freundlich models. L a n g muir's 
equation can be written as:-
G - bp
1 + bp
wh o r e  b - ___ a____
v/2 mkT
G - rate of d e s orbtion
b - a constant ■ 0,03 - 0,23 /ton
m - mass of the gas particle (CH4 atomic 
weight - 10,043)
k - universal gas constant
T - temperature OK
p - absolute pressure
a - a constant 0 <a<l
This equation relates the quantity of gas adsorbed per 
unit mass of solid to the partial vapour pressure of
14
the gas, and has been shown to be suitable up to 15 MPa 
( U ) .
The Brunauer, Emmett and Telle (BET) equation Is an 
ex tension of L a n g m u i r ' s  equation In that It considers 
m u l t i l a y e r  adsorbtlon. However, a second layer does not 
become apparent at pressures less than 5 MPa, while 
pr essures greater than 4 M'5a are not common In coal 
m i n i n g .
The o c c u r a n c e  of methane has been assessed for US 
bi t u m i n o u s  coals and is found to s eldom exceed 55 
m3/ t  even at very high pressures (FIGURE 8).
2.3 D e t e r m i n a t i o n  of In-3itu M e t h a n e  Content
Methods for d e t e r m i n i n g  m e t h a n e  content of coal are 
broadly c l a s sified as direct or indirect. The direct 
method measures gas content of a sample In a laboratory 
or field experiment. The Indirect m ethod calculates 
m e t hane content from gas p r e s s u r e  and use of the 
relevant a d s o rbtlon Isotherm for the coal in question. 
(TABLE 6).
2.3.1 Direct Methods
Gas content is measured using either
1) A des o r b t i o n  meter ( F I G U R E 9) (5). Here the s ..re 
of flask is Important as p r e s s u r e  rise must not be 
large enough to Impede desorbtion.
For 10 g of c hlpplngs sample, V flask ■ 1 lltr-.
U N D E R G R O U N D  B I T U M I N O U S  C O A L  M I N E  O A T A
Nwmbif oI mint* I .W  Cq"  *•*•««•« oar ya«'.i l l  MM ions
T o t a l  m a i n a n a  « m i a « i o n  p a *  d a y .
a i r  m m c i
M in a a  «» ih  m a ih a n a  a m ia a io *  ta iaa  p i o d u c ^ M  p t u a n l  *1 ih a  coa l
U .S . un d a rg io w n d  b ilw m inoua  coa l m lnaa. ( 7 2 )
FIGURE 8
FIGURE 4 A desorption meter (
Table 6 methoos or e s t i w h o n  o f gas con ten t o f c o a l scams
METHOD REQUIREMENTS METHODS Of INTERPRETATION ACCURACY COUNTRf MTIIOO OF MEASUREMENT A P P L IC A B IL IT Y
oirect . C o re l. emission h a t
Depending upon t iiw  
lo s t , core g u il11 / 
and a p p lica b ility  
of gas emission 
leas.SOI 201
U.K. 
U S .A .  
Australia
Volumetric gas emission 
at atmospheric pressure 
folloaed by crushing.
Good from surface boreholes 
and dorotful from underground 
b o re ro lts , fractu red  co res , 
t t c .  Oejree c! frac tu rin g
£IRECT SamolIng «f 
fractions
Empirical 1 Poland Volumetric gas emission Ex is tin g  s in es
inoiRfCT
S ta t is t ic a l Lla ps of um ) S ta t is t ic a l an a lys is  of 
g is co n lin t of luopi
20Z S ta t is t ic a l ly  
measured values frtai 
face samoles are 
co n sis ten tly .
u .r . Sample ( 30>4Q ma j l t t ) , 
co llectio n  at me face 
awl estimation of gas 
contents.
For scan ; under mlng, 
face samolIng, 
ao p lIcab l11ty to h ighly 
va r ia b le  and high rant coals 
not proved.
INDIRECT
Adsorption
Isotherms
Pr»ssure
n t ilu re u n t
andSAmp IIng .
D irect reading for 
adsorption Isotherms
0<pending upon 
pressure aatasu: wwnts 
and sampling. 10 • 201
Poland 
USSR 
Australta 
Germany
Volumetric techniques 
an.l gravim etric 
techniques.
and seams ly ing  * t or 
beloa.
INOIRECT •
Chemical
Analysis
P ro ila u tt 
an a lys is  of
Em pirical 30 • 1001 USSR
U.S.A .
Poland
Chemical ana lysis New and e x is t in g  mines.
INDIRECT tahaust 
ve n t ll la t lo n  limp 1In g .
Subtraction techniques ’01 Australia Cltj ar C02 gas 
an a lysis  ( x )
E x is t in g  mines
I HOI SECT Sampling of Em pirical
tahaust a in t 
« i r
SOI Germa’y Volumetric gas emission Ea lstln g  mines • general
U .S .A . make of i  i .
T ab l e  6 m ethod s o f  e s t i h a t i o n  o f  g a s  c o n te n t  o f  c o a l  seam s
METHOD *£QUI RIMENTS HETIIOOS OF INTERPRETATION ACCURACY COUNT Rf KT1I0C or MEASUREMENT APPLICABILITY
OIRECT Cores Requires knowledge of gas emission lawi
Depending upon time 
lo s t, core qual1ty 
and applI c j d i 11 t y  
of gas emission 
lavs.!0S 201
U.K. 
U .S.A . 
Aut tra l la
Volumetric gas eo sslon 
at atrospnertc pressure 
followed by crusning.
Good froa surface boreholes 
and doubtful from underground 
boreholes, fractured cores, 
c tc . Degree of frac airing 
Influences re su lts .
P la ta Siraolfnq of 
fr ic tio n s
trapirlcal 1 Poland Volumetric gas emission F ils t ln g  nines
INDIRECT
S ta t is t ic a l Im ps o f co il S ta t is t ic a l analysis of 
gas content of lumps
2O’.  S ta t is t ic a l ly  
•eisured va1> *: 0 
face samoies »' r 
consistently.
U.C. Sample ( 3 0 - 4  0 an s i t e ) ,  
co llection at the face 
and estimation of gas 
contents.
For seams under aing, face samoling, 
a p p lica b ility  to highly 
variab le  and high rant toals 
not proved.
INOIRECT
Adsorption
Isotherms
Pr«:sure
measurementAnd 
su p  1 In ;.
D irect reading for 
adsorption Isotherms
Depending upon 
pressure M e a s u r e m e n t s  and samplIng. 10 - 201
Poland
USSR 
Austral la Germany
Volumetric techniques 
an.l gravimetric 
techniques.
For seams under ainlng 
and sear.s lying above or 
below.
SHOT RECT *
Chemtrs)
Analysis
P ro iliu te  
Analysis of
Dnpirical 30 • 100s USSR
U .S .A .
Poland
Chemical analysis New and e ils t ln g  nines.
INOIRECT Exhaust venttl Wtton samplInf.
Subtraction techniques 201 Austral la CHj or C0j  gas 
analysis ( I )
[ l is t in g  nines
[HOI SECT Sampling of Empirical
eihaust aine 
* ) r
SOX Germany Volumetric 91s emission E * I * 11 og nines • general
U.S.A. M te  of gas.
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For a solid core a m i n i m u m  of 100 g is required 
but p r e f e r a b l v  1 - 2 Kg should be used.
ii) A test tube and level meter (FIGURE 1 0 ) (5). ho 
is the level read i mmediately after the coal has 
been introduced into the upper chamber and hi is 
the final level.
i i i ) Inverted cylinder (FIGURE 1 1 ) (4,5,16,18).
iv) G r a v i m e t r i c  p r o c e d u r e s  (15,47,57). Here the sample 
of coal is placed in a pre-cl e a n e d  and pre-weighed 
c o ntainer and allowed to d e sorb whilst the weight 
is being measured. The change in weight is 
proportional to the amount of gas desorbed.
The Fite of sampling is important so as to be 
r e p r e s entative of the coal seam being studied with due 
consi d e r a t i o n  for over- and u n d e r - w o r k e d  seams. The 
sample must pr e f e r a b l y  come from drill chipping or a 
core from outside the zone of emission, or if not, then 
at least from an active coal face which has not been in 
contact with air for more than 48 hours. However, to 
use such face coal requires chipping out coal for 2 - 6  
m into the face so this is u s u ally not practical. The 
most recent models of this zone of emission have been 
dev e l o p e d  by C E R C H A R  (FIGURES 1 2,13,14,15,16,17 and 
18. )
a) A certain amount of gas is lost 'Ql'during the 
time from when drilling intersects the seam until 
it is enclosed in a sealed container. If drill 
flushing is by air or mist, time 't ' starts when 
dril l i n g  intersects the seam, if by water then 't' 
starts at half the tl.ae taken to remove the core 
(as it is about then that the hydrostatic head 
approximately equals searn gas pressure) . There are
IP
FIGURE 10
IS psI (itug*
Samplecontainer
FIGURE 11
Gians test tube for determination of Q2 (5).
Valve
Inverted
graduated
cylinder
Sample container. Gas emission is measured 
by displacement of water (45).
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• methane leaving volume W • (*' B' SI C' D* CD- S ) 
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- methane volume ir. W at t, Qt “ Qc ♦ (1 a)
- methane volume in W at t', Qt “ 0o ♦ (!■♦•)
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volume ana beds of thickness h)
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FIGURE 12 Influence volume V and stationary 
methane emission (31)
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FIGURE 14A Drop in concentrations in a heading aidewail. 
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da-stresead lone. CM 4 concentration in m V t  piottad against 
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FIGURE 15 Section through front boundary of gas emission space (62)
gas emission B * rock movements
FIGURE 16 Section through lateral boundary of gas emission 
I'.ice (62)
FIGURE 17 Zones of typical gas pressure in the O o o r  of workings.
Beginning of increase (a), beginning of maximum (b), end of 
maximum (c) of gas pressure and beginning of gas emmission (d). (62).
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